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57 ABSTRACT 

An electrical connector having pin members that are par 
tially encapsulated within, and socket members that are 
completely encapsulated within, electrically nonconductive 
sheaths that are respectively integrally formed with male and 
female body members. The male and female body members 
are joined together by an electrically nonconductive cou 
pling member having a plurality of internally disposed 
passageways that seal around each of the sheaths. The male 
and female body members and the coupling member are 
separately disassemblable and the coupling member is 
replaceable without the use of special tools or equipment. 
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1. 

FELD REPARABLE ELECTRICAL 
CONNECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part of application Ser. No. 
08/226,009, filed Apr. 11, 1994, now U.S. Pat. No. 5,470, 
248. 

TECHNICAL FIELD 

This invention relates generally to a field repairable 
electrical connector that is adaptable for use in either under 
water or dry land applications, and more particularly to such 
a connector having a replaceable coupling member disposed 
between male and female body members. 

BACKGROUND ART 

Waterproof electrical connections require either an inter 
nal seal element around the electrically conductive parts of 
the connector or, alternatively, the entire connector enclosed 
within a sealed case. Heretofore, failed or faulty waterproof 
connectors have generally required disassembly in a repair 
shop and the seals or molded component assemblies 
replaced with new components. Thus, a long standing prob 
lem with electrical connectors in general, and specifically 
with sealed connectors intended for use in underwater 
applications, has been the inability to service and repair such 
connectors in the field. 

For example, U.S. Pat. No. 5,387.119, issued Feb. 7, 1995 
to the inventor of the present invention, discloses an under 
water electrical connector having a male member formed of 
a rigid plastic material that has a plurality of pins, each of 
which have a portion that is enclosed by a sheath formed of 
the same rigid plastic material. The underwater connector 
has a female member formed of an elastomeric material and 
has a plurality of passageways formed in the elastomeric 
material in which a portion of the passageway sealably 
surrounds the rigid sheaths of the male member. This 
arrangement provides an excellent open-face waterproof 
seal to exclude moisture from the connection between the 
pin and a socket encapsulated within the female member. 
However, the softer elastomeric material of the female 
member is prone to wear more quickly than the rigid plastic 
material of the male member, and after a period of use may 
loose its sealing capability and must be replaced. Also, the 
connecting ends of the individual wires of the cable bundle 
are positioned within the molded female member to form a 
single molded component. Thus, it is not practical, in the 
field, to replace only the female connector because the repair 
must necessarily include the cable to which the female 
member is molded. 

Other electrical connectors have male or female members, 
or both, in which the respective pins and sockets are encased 
in a relatively soft, elastomeric body that is bonded to a hard 
plastic or metallic case surrounding the body. When a single 
component of a connector is constructed of two or more 
materials having different physical characteristics, even 
though they are initially bonded together, the components 
are prone to subsequent separation and failure. 
An important feature of the above referenced U.S. Pat. 

No. 5,387.119 is the protective sheaths formed around the 
pin conductors of the male member. The sheaths not only 
provide a sealing surface, but also provide increased bond 
ing surface area between the pins of the male member and 
the surrounding encapsulating material of the male body 
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member. Furthermore, the sheaths effectively increase the 
electrical isolation of each conductive pin by forming a 
longer path that an electrical charge must travel along a 
surface between adjacently disposed pins. Without the 
sheaths, an electrical charge would only need to traverse the 
face surface of the body component to form a short circuit 
between pins. With the sheaths, the electrical charge must 
travel from the tip of one pin, down the outer surface of the 
sheath, across the body face surface to an adjacent sheath, 
and up the outer surface of that sheath to the second pin. 
However, heretofore, it has not been possible to provide a 
protective. electrically nonconductive, sheath around both 
male and female electrical contact elements of a connector, 
i.e., both the pins and sockets, and simultaneously provide a 
separate seal around each contact element to form a water 
proof connector. 
The present invention is directed to overcoming the 

problems set forth above. It is desirable to have an electrical 
connector that has a coupling providing a seal around each 
contact connection, is easily replaceable in the field, and is 
useable in both underwater and dry land environments. It is 
also desirable to have such an electrical connector in which 
every one of the electrical contact elements of both the male 
and female components are protectively surrounded by a 
nonconductive sheath. 

BRIEF SUMMARY OF THE INVENTON 

In accordance with one aspect of the present invention, an 
electrical connector includes a male member having a body 
formed of an electrically nonconductive material, and a 
plurality of electrically conductive pins each having a por 
tion embedded within the body and surrounded a sheath 
extending outwardly from the body. The electrical connector 
also includes a female member likewise formed of an 
electrically nonconductive material, and has a plurality of 
electrically conductive sockets adapted to receive a respec 
tive one of the pins of the male member. Each of the sockets 
are encapsulated within a sheath that extends outwardly 
from a face surface of the female member. The electrical 
connector further includes a coupling member having a body 
portion, formed of a nonconductive material, and having a 
plurality of internally disposed passageways that are shaped 
so that, upon assembly, the passageways receive and com 
pletely surround each of the sheaths of the male and female 
members. 

In other aspects of the present invention, if desired, all of 
the electrically nonconductive components of the electrical 
connector may be formed of resiliently compressible mate 
rials. However, it is preferable that at least the male and 
female members, or alternatively the coupling member, be 
formed of rigid materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal cross section of an electrical 
connector embodying the present invention, showing the 
components of the connector in unassembled, spaced apart 
relationship; and 

F.G. 2 is a longitudinal cross section of the electrical 
connector shown in FIG. 1, showing the components of the 
connector in assembled relationship. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In the preferred embodiment of the present invention, an 
electrical connector 10 has a male member 12 and a female 
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member 14, both of which respectively have a body portion 
16.18 that, preferably, is formed of a hard, rigid, electrically 
nonconductive material having an electrical resistivity of at 
least 10' ohm cm, and high resistance to water absorption. 
Suitable materials for formation of body portions 16.18 of 
the male and female members 12, 14 include, but are not 
limited to, thermoset plastics and thermoplastics such as 
urethane, polyphenyl sulfone, polyaryl sulfone, polychlorot 
rifluoroethylene (PCTFE), phenylene ether/phenylene 
oxide, polyester, alkyd encapsulating putty, granular and 
glass reinforced alkyds, fiber filled diallyl phthalates, high 
density polyethylene, rigid cast or molded epoxies, polyure 
thane rubber, standard electrical glass. low loss electrical 
borosilicate glass, and electrical ceramics such as steatite 
and alumina. 

Depending on the selected material, the body portions 
16.18 may be formed by injection molding, compression or 
transfer molding, or casting. Preferably, the body portions 
16.18 are constructed of glass filled thermoplastic urethane, 
and formed by injection molding. 

Alternatively, although less desirable because of inherent 
problems of bonding with embedded conductive elements, 
the body portions 16.18 of the male and female members 
12.14 may be formed of a relatively soft, resiliently com 
pressible material. Suitable materials include both thermoset 
and thermoplastic elastomers, such as natural-rubber and 
synthetic rubber polymers. In particular, a blend of polyeth 
ylene and neoprene rubber has been found to be suitable for 
forming electrically nonconductive components of the con 
nector embodying the present invention. 
The male member 12 also includes a plurality of electri 

cally conductive pins 20 that are preferably arranged in a 
predetermined pattern within a mold cavity prior to injection 
molding the body 16. Simultaneously with molding the body 
16, a sheath 22 is formed about a portion of each of the pins 
20 thereby encapsulating each of the pins not only within the 
body 16 but also within a respective sheath 22. The sheaths 
22 extend outwardly from a first face surface 24 of the body 
16, which also has a second face surface 26 spaced from the 
first face surface24. Although less desirable than molding or 
casting the body portion 16 around the pins 20, the body 
portion 16 may be preformed without the pins 20, after 
which the pins 20 are inserted into prearranged holes and 
adhesively bonded to the body portion 16. 

Each of the pins 20 have a first portion 28 completely 
encapsulated within the body 16 and a respective one of the 
sheaths 22, an exposed second portion 30 extending out 
wardly from a distal end of the sheath 22, and an exposed 
third portion 32 extending outwardly from the second face 
surface 26 of the body 16. The outer surface of the first, or 
encapsulated, portion 28 of the pins 20 preferably have a 
plurality of inwardly extending annular grooves to aid in the 
retention of the pins 20 in the body 16 and to improve 
sealing of the body 16 and sheath 22 around each of the pins 
20. The third portion 32 of the pins 20 preferably have a 
socket formed therein for receiving the pin end of an 
insertable/removable solder lug that is soldered to a wire 
conductor (not shown). Alternatively, although less desir 
able from a field repair aspect, the solder lug may be directly 
formed on the outer end of the pin 20. For the sake of clarity, 
only the first and second portions of two of the pins 20, and 
their respective sheaths 22, are shown in FIG. 1. 
The body portion 18 of the female member 14 has a first 

face surface 34, a second face surface 36 spaced from the 
first face surface 34, and a plurality of integrally formed 
sheaths 38 extending outwardly from the first face surface 
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4 
34. The female member 14 also includes a plurality of 
electrically conductive sockets 40 that are arranged in the 
same predetermined pattern as the pins 20. Each of the 
sockets 40 are shaped to receive substantially all of the 
exposed second portion 30 of the pins 20 and grip the pins 
so that they are maintained in electrically conductive contact 
with the socket 40. In the preferred embodiment of the 
present invention, the pin receiving portions of the sockets 
40 are shaped so that it has a depth slightly greater than the 
length of the exposed first portion 28 of the pins 20 to assure 
that the pins will not "bottom out” in the socket. Also, it is 
desirable that the end of the sheaths 22.38 surrounding the 
pins and sockets be slightly spaced apart to preclude poten 
tial wear or damage to the sheaths. 

Each of the sockets 40 have a first portion 42 in which the 
outer perimeter of the socket is completely encapsulated 
within the body 18 and a respective one of the sheaths 38 of 
the female member 14, and a second portion 44 that extends 
outwardly from the second face surface 36 of the body 18. 
Preferably, a plurality of annular grooves are provided along 
at least a portion of the length of the outer surface of the 
sockets 40 to assure retention of the socket in the body 18 
and enhance sealing between the socket 40 and the body 18. 
The second portion 44 of the sockets 40 preferably have a 
solder lug formed on an outer end for attachment of a wire 
conductor (not shown). 
The body portion 18 and the sheaths 38 of the female 

member 14 are desirably simultaneously formed by injection 
molding, compression or transfer molding, casting, or pre 
formed and adhesively joined with the sockets 40, in the 
manner described above with respect to the body portion 16 
of the male member 12. 
The electrical connector 10 embodying the present inven 

tion also has a coupling member 46 that is preferably formed 
of an injection moldable, resiliently compressible and elec 
trically nonconductive material such as thermoplastic rub 
ber. In particular, it has been found that a blend of polyeth 
ylene and neoprene rubber, provides the resilience and 
compressibility desirable for sealing around the sheaths as 
described below in more detail. Preferably, after curing, the 
coupling member 46 has a hardness of from about 40 to 
about 70 durometer as measured by the Shore A scale. 

However, if the body portions 16.18 of the male and 
female members 12.14 are formed of relatively soft elasto 
meric materials, the coupling member 46 may be formed of 
a rigid nonconductive material. This combination of soft 
body members and hard coupling materials provides some 
what less sealing between the internal passageways 52 in the 
coupling member 46 (described below) and the respective 
sheaths 22.38 of the male and female body members 12,14. 

Alternatively, the coupling member 46 may be advanta 
geously formed of two separate materials. In the alternative 
construction, the coupling member 46 has a body portion 
formed of a relatively soft, resiliently compressible material, 
such as the above described blend of polyethylene and 
neoprene rubber, and a thin externally disposed casing 
formed of a flexible nonconductive material having a hard 
ness greater than that of the body portion. The casing is 
disposed about the circumferential surface areas of the body 
portion and may extend over one, or both, of the ends of the 
coupling member. Desirably, the casing is formed of a 
material such as high density polyethylene that, during 
molding, is self-bonding to the body portion. Other suitable 
self-bonding materials include polyurethane having a hard 
ness from about 40 to about 70 durometer (Shore Ascale) for 
the body portion and a harder, glass filled polyurethane for 
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the casing. In a preferred embodiment of the alternative 
construction of the coupling member 46, the casing has a 
thickness of about 0.050 in (0.13 mm) in the areas surround 
ing the cylindrical peripheral surface of the body portion, 
and a thickness of about 0.100 in (0.25 mm) in the radial 
areas over, or adjacent, the end faces. 
The coupling member 46 has a first face surface 48 that 

is shaped to abut the first face surface 24 of the male member 
12, and a second face surface 50 that is shaped to enable it 
to abut the first face surface 34 of the female member 14. 
The coupling member 46 also has a plurality of passage 

ways 52 extending between the first and second face sur 
faces 48,50 of the coupling 46. The passageways 52 are 
arranged in the same predetermined pattern as the pins 20 
and the sockets 40. It is also desirable that the coupling 
member 46 have a locator hole 54 adapted to receive a 
locator pin 56, preferably provided on the female member 
14, to aid radial orientation of the coupling 46 when con 
necting the components together. In the alternative arrange 
ment of the coupling member, a key may be provided on an 
external circumferential surface of the coupling member 46, 
and conveniently formed of the same relatively hard mate 
rial as the casing. The key, being formed of the relatively 
hard material, is capable of being effortlessly inserted into a 
keyway, described below, for relative orientation and align 
ment with a mating member. 
Each of the passageways 52 have an internal wall surface 

that is shaped to receive and completely surround each of the 
sheaths 22.38 on the body portions 16, 18 of the male and 
female members 12.14. In arid above ground applications 
where water or moisture sealing is not required, the internal 
wall surfaces may advantageously have a smooth cylindrical 
surface with an internal diameter substantially the same as, 
or even slightly greater than, the external diameter of the 
sheaths 20,40. 

In underwater uses however, it is desirable to provide a 
tight waterproof seal about the sheaths 20,40. As described 
above with respect to the preferred embodiment of the 
present invention, the body portions 16, 18 and sheaths 22.38 
of the male and female members 12.14 are desirably formed 
of a rigid material and the coupling member 46 formed of a 
resiliently compressible elastomer. Each of the passageways 
52 in the coupling member 46 of the preferred embodiment 
have a generally circular cross sectional shape in which at 
least one, and desirably a plurality of, annular alternating 
grooves 58 and ridges 60 are formed. The ridges 60 pref. 
erably have an internal diameter slightly less than the 
diameter of the sheaths 22.38 so that, when the sheaths are 
inserted into the passageways 52, each of the ridges 60 form 
a lip, or O-ring type, seal about the circumference of each 
sheath. Importantly, when the connector 10 is mated, or 
connected, underwater, the ridges 60 push water away from 
the pin-socket connection. It has also been found that if, after 
initial connection of the components, the components are 
subsequently slightly separated, e.g., moved apart about 4 
inch (0.64 cm), and then rejoined, the ridges coact to provide 
a pumping action that further clears water from the pin 
socket joint. 

In an actual construction of the connector 10 embodying 
the present invention, each of the sheaths 22.38 have an 
external diameter of 0.200 inches (0.079 cm), and each of 
the ridges 60 have a diameter of 0.150 inches (0.059 cm). 
The annular grooves 58 between the ridges 60 in the 
passageways 52 have a diameter of 0.205 inches (0.081 cm) 
which is slightly greater than the external diameter of the 
sheaths 22.38. 
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6 
If, as suggested in one of the above described alternative 

constructions, the coupling member 46 is formed of a rigid 
material, and the respective body portions 16.18 and sheaths 
22.38 of the male and female members 12.14 formed of a 
resiliently compressible elastomeric material, the ridges 60 
may be advantageously disposed on the exterior surface of 
the sheaths 22.38. 

In the electrical connector 10 embodying the present 
invention, it can be readily seen that underwater sealing of 
the electrical connection between a pin 20 and a socket 40 
is not dependent upon forming a face seal between adja 
cently disposed face surfaces of the coupling member 46 and 
either the male or the female member 12,14. Importantly, 
because underwater sealing of the electrical connection is 
provided by the internally disposed ridges 60 in each of the 
passageways 52, the application of an essentially isostatic 
pressure, such as that applied by subsurface water pressure, 
will compress an outer circumferential surface 62 of the 
coupling 46 when formed of an elastomeric material, and 
thereby increase the sealing pressure applied by each of the 
internally disposed ridges 60 against each of the sheaths 
22.38. Thus, when the coupling member 46 is formed of a 
resiliently compressible elastomeric material, the sealing 
pressure imposed by the passageways 52 about each of the 
sheaths 22.38 will increase in response to increased pressure 
on the outer circumferential surface 62, even if the sheaths 
22.38 are formed of a somewhat softer material than the 
coupling 46. 

If the coupling member 46 is formed of a rigid material as 
suggested in an above described alternative embodiment of 
the present invention, an increase in isostatic pressure will 
not result in additional compression of the passageways 52. 
Accordingly, when used with a rigid coupling member 46. 
the electrical connector 10 will be limited to use in relatively 
shallow water depths, e.g., up to about 125 feet. Thus, it can 
be seen that, depending upon intended end use, the electrical 
connector 10 embodying the present invention may be 
constructed with either rigid or resiliently compressible male 
and female body members 16.18, and either a resiliently 
compressible or rigid coupling member 46. The only com 
bination of rigid and compressible components that would 
not provide a waterproof connector is when all of the 
components are formed of rigid materials. 
As discussed above, if sealing against moisture or water 

is not required, such as in dry desert applications, it is 
desirable to form a single smooth cylindrical wall in the 
passageway 52 that is somewhat greater than the external 
diameter of the sheaths 22,38. For example, in the above 
described actual construction in which the external diameter 
of the sheaths was 0.200 inches (0.079 cm) the internal 
passageways 52 would preferably be formed to a diameter 
of, for example, about 0.210 inches (0.083 cm). 

Thus, it can be seen that by simply changing the coupling 
member 46, i.e., selecting a coupling member having either 
smooth wall or ridged wall passageways, the connector 10 
can be adapted for use in applications having very different 
environmental requirements. Also, if the pins and sockets 
20.40 are arranged in a symmetrical pattern, the coupling 
member 46 is reversible, i.e., it can be installed with either 
face 48.50 abutting either the male member 12 or the female 
member 14. 

In yet another embodiment, the electrical connector 10 
may have pins 20 and sockets 40 disposed in the same body 
member. For example, each half of the connector may be 
arranged so that one half of the contacts are male members, 
and the remaining half female members. In this 
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arrangement, the coupling member may be split longitudi 
nally to form two components, one for each group of mating 
male-female members. 

In the above described actual construction, the sheaths 22 
surrounding the pins 20 have a length of 0.581 inch (1.48 
cm) and the sheaths 38 surrounding the sockets 40 have a 
length of 0.400 inch (1.02 cm). Thus, the total combined 
length of the sheaths 22.38 is 0.981 inches (2.49 cm). The 
length of the coupling member 46, and accordingly the 
length of the passageways 52 in the coupling member is 
1.081 inches (2.75 cm). Therefore, upon assembly, as 
described below in additional detail, there will be a gap, or 
"stand-of distance". of about 0.100 inch (0.25 cm) between 
the ends of the sheaths 22.38. 

Importantly, the length of the sheaths 22 surrounding the 
pins 20 is longer than the length of the sheaths 38 formed 
around the sockets 40. Therefore, there is more contact 
surface between the pin sheaths 22 and the internal surfaces 
of the passageways 52 in the coupling 46 than between the 
socket sheaths 38 and the passageways. Because of the 
longer contact area, the coupling member 46 will, upon 
disassembly, be captured by and retained with the male 
member 12. Also, because each of the passageways 52 is 
longer than the combined length of the pin sheath and the 
exposed pinportion 30, each of the exposed pinportions 30 
are completely surrounded and protects the pins 20 from 
damage during handling or repair operations. 

Preferably, the electrical connector 10 includes a means 
64 for maintaining the first and second face surfaces 48.50 
of the coupling 46 in respective abutting contact with the 
first face surfaces 24.34 of the male and female members 
12,14. In the illustrative embodiment of the present inven 
tion shown in FIGS. 1 and 2, the means 64 includes a female 
adaptor member 66 having internal threads 68 which are 
threadably engageable with a plurality of threads 70 pro 
vided on a circumferential surface of the female member 14. 
The female adaptor 66 secures the female member 14 in a 
fixed mounted position against a wall or case surface by 
drawing an annular shoulder on the circumference of the 
female member against the wall in response to tightening the 
threaded connection between the adaptor 66 and female 
member 14. 

In similar fashion, a male adaptor member 72 has internal 
threads 74, formed adjacent one end, which are adapted to 
threadably engage a plurality of external threads 76 formed 
on the male member 12. The male adaptor 76 preferably has 
a provision for receiving a cable containing a plurality of 
wires in the other end and for sealing the entrance of the 
cable into the male adaptor 72. Alternatively, although less 
desirable for field repairs, the cable may be directly molded 
to the male member 12, thereby forming a single integrated 
component. 

If the body portion of either the male member or the 
female member 14 is formed of a relatively soft elastomeric 
material, in certain configurations it may be desirable to 
provide a harder casing about the member. Suitable, mutu 
ally compatible, body and casing materials were described 
above with respect to an alternate embodiment of the 
coupling member 46. The external threads 70.76 on the 
respective female and male members 14.12 may advanta 
geously beformed of the same harder material as the casing. 

In the preferred embodiment of the present invention, the 
means 64 for maintaining the coupling 46 and the male and 
female members 12.14 in their respective abutting relation 
ships also includes a rigid outer shell 78 that has a plurality 
of internal threads 80 disposed at one end of the shell that are 
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8 
adapted to mate with a plurality of external threads 82 
provided on the female adaptor member 66. The shell 78 
also has an internally disposed is groove 84 adjacent the 
other end which is adapted to receive a snap ring 86 that, 
when the connector 10 is assembled as shown in FIG. 2, 
abuts a shoulder 88 formed on the outer surface of the male 
adapter member 72. It is also desirable that the outer shell 78 
have a plurality of open slots 90 extending through the 
periphery of the shell. The slots 90 advantageously provide 
an aid to gripping and turning the shell during assembly or 
disassembly of the connector, and additionally provide an 
important self cleaning action. For these purposes, it is even 
desirable that at least part of the threaded portion of the outer 
shell 78 also have open slots 90 through the shell. 

Alternatively, the means 64 for maintaining the first and 
second face surfaces 48,50 of the coupling member 46 in 
respective abutting contact with the respective first face 
surfaces 24.34 of male and female members 12.14, may 
comprise one or more shell or retention members that 
mechanically interact directly with a predefined shoulder or 
other surface to positively fix the respective position of the 
element components. 

Preferably the female adaptor member 66, the male adap 
tor member 72, and the shell 78 are all constructed of a rigid 
plastic material, such as fiberglass filled polyurethane, that is 
electrically nonconductive, resistant to corrosion, and easily 
formable by conventional molding techniques. Furthermore, 
if the coupling member 46 is constructed with an external 
key, a preselected one, or both, of the adaptor members may 
have a mating keyway formed in the internal bore of the 
respective adaptor. 
The electrical connector 10 embodying the preferred 

arrangement of the present invention is assembled, as shown 
in FIG. 2, by first inserting the female member 14 through 
one side of an aperture 92 in a data box or control panel, with 
a shoulder of the female member having an o-ring seal 
disposed therein in contact with the panel. The female 
adapter member 66 is then threaded onto the female member 
14 and tightened against the mounting wall or panel. This 
effectively locks the female member 14 in place with respect 
to the fixed wall surface. 
The elastomeric coupling member 46 is then inserted over 

the pins 20 and the sheaths 22 of the male member 12. Next, 
while not entirely necessary because of the below described 
subsequent drawing of the element together, the coupling 
member 46 is desirably pushed onto the male member 12 
until the second face surface 48 of the coupling member is 
in abutting contact with the face surface 24 of the body 
member 16. 
The male adapter member 72 is then joined with the 

assembled coupling and male member 46.12 by threading 
the external threads 76 on the male member 12 into the 
internal threads 74 in the male adapter member 72. Prior to 
this last step, unless already connected, the individual lead 
wires from a line cable assembly are attached to the ends, 
i.e., the third portion 32, of the pins 20. 
The assembled coupling member 46, male member with 

wires attached, and male adaptor member 72 are then 
inserted, as a unit, through the left end (as viewed in FIGS. 
1 and 2) of the outer shell 78 to a position at which the 
shoulder 88 on the male adapter member 72 passes to the 
right of the groove 84 in the outer shell 78. The snap ring 86 
is then inserted into the groove 84 which coacts with the 
shoulder 84 to prevent leftward movement of the male 
adaptor member 72 and the components previously 
assembled therewith, 
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The coupling member 46, male member 12 and the male 
adaptor 72 are rotated, if needed, to align the locator hole 54 
in the coupling member with the locator pin 56. In the 
alternative constructions of the coupling member 46, the 
assembly may be rotated to align the key with the keyway 
formed in the female adaptor member. The outer shell 78 is 
then moved into contact with the female adaptor member 66 
and rotated to engage the internal threads 80 on the outer 
shell with the external threads 82 on the female adapter 
member. Tightening the outer shell 78 against the female 
adapter member 66 will draw the male and female members 
12.14, toward the coupling member 46 that is positioned 
between the male and female members. Thus, after tighten 
ing the outer shell 78 onto the female adaptor member 66, 
the second face surface 50 of the coupling member 46 and 
the first face surface 34 of the female member 14, and the 
first face surface 24 of the male member 12 and the first face 
surface 48 of the coupling member 46, are in respective 
abutting contact with each other. After assembly, the 
exposed pins 20 of the male member 12 captured by, and 
maintained in electrical contact with, the sockets 40, and the 
sheaths 22.38 of both the male and female members 12,14, 
are effectively sealed by the passageways 52 of the resil 
iently compressible coupling member 46. 

Desirably, as described above, the length of the sheaths 22 
of the male member 12 are longer than sheaths 38 of the 
female member 14. Upon disassembly, the inwardly extend 
ing shoulder 94 formed on the outer shell 78 will pull the 
coupling member 46 away from of the female member 14. 
Also, as a result of the greater contact area between the male 
sheath 22 and the interior surface of the passageways 52, the 
coupling member 46 is captured by, and retained on, the 
male member 12. This makes subsequent reassembly, par 
ticularly underwater, easier because it eliminates the need to 
separately orient and install the coupling member 46 on the 
male member 12. Also, as described above, the coupling 
member 46 extends beyond the ends of the pins 20 of the 
male member 12, thereby protecting the pins when the 
connector 10 is in an uncoupled state. 
The assembled electrical connector 10 is easily 

disassembled, in the field, by reversal of the above described 
assembly procedure. Thus, as described with respect to the 
construction of the sheaths 23.38 and the passageways 52, it 
can be seen that the connector 10 can be disassembled and 
reassembled for service, even underwater if necessary. The 
coupling member 46 is immediately field replaceable. Also, 
if they are not part of an assembly molded as a unit with their 
respective cables, the male and female member 12.14 may 
be individually replaced by removing the solder tabs from 
the socket connection provided on the ends of the pins 20 
and the sockets 40. 

In another embodiment, the electrical connector 10 is 
used as a line connector, i.e., without one of the members 
being mounted in a box or to a wall. Other applications, 
changes and modifications of the above described electrical 
connector may similarly be made without departing from the 
spirit and scope of the present invention. 
Thus, it can be seen that the electrical connector 10 

embodying the present invention advantageously provides 
protective sheaths 22.38 around both the pins 20 of the male 
member 12 and the sockets 40 of the female member 38. The 
sheaths 22.38 around both electrical contact elements pro 
vide increased bonding surface area to assure a tight water 
proof seal with the surrounding body. The sheaths 22.38 also 
provide increased structural support for both contact 
elements, and increases the electrical signal crossover dis 
tance between adjacently disposed conductors thereby 
improving the electrical isolation of the components. 
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Industrial Applicability 
The present invention is particularly useful in applications 

that require sealing of electrical connections against adverse 
environmental conditions such as underwater data acquisi 
tion and transmission systems, subsurface or ground level 
instruments subjected to adverse operational and atmo 
spheric environments such as seismic exploration 
applications, and other uses where it is desirable to protect 
the electrical contact portions of the connector. 

All of the electrical contact elements, i.e., both the pins 
and their mating sockets, are surrounded by a protective 
sheath that provides increased bonding surface between the 
respective contact element and its supporting nonconductive 
material. The protective sheath also improves the electrical 
separation of the conductive elements. 
The present invention, because of the coupling provided 

between components housing the electrical contact 
elements, also has important uses in applications where the 
electrical connector is subjected to high vibration or shock, 
such as in rough terrain vehicles and earthmoving machines. 

Importantly, the electrical connector 10 embodying the 
present invention comprises individual components that can 
be disassembled, the coupling member replaced, and the 
connector reassembled, even underwater, without the need 
of special tools or repair facilities. Thus, the electrical 
connector described above and defined by the claims is 
particularly suited for use in remote geographical locations 
where repair facilities are not readily available. 

Other aspects, features and advantages of the present 
invention can be obtained from a study of this disclosure 
together with the appended claims. 
What is claimed is: 
1. An electrical connector, comprising: 
a male member having a body formed of an electrically 

nonconductive material and a plurality of electrically 
conductive pins arranged in a predetermined pattern in 
said body, said body having a first face surface, a 
second face surface, and a plurality of sheaths extend 
ing outwardly from said first face surface, and each of 
said electrically conductive pins having a first portion 
completely encapsulated within the body and a respec 
tive one of said sheaths of said male member, a second 
portion extending outwardly from an outer end of the 
sheath respectively imbedding the first portion of said 
pins, and a third portion extending outwardly from the 
second face surface of the body of said male member, 
each of said third portions being connectable to an 
electrical wire conductor; 

a female member having a body formed of an electrically 
nonconductive material and a plurality of electrically 
conductive sockets arranged in said predetermined pat 
tern in the body of said female member and adapted to 
receive the second portion of a respective one of the 
pins of said male member and maintain said respective 
pin in electrically conductive contact with the socket, 
said body of the female member having a first face 
surface, a second face surface, and a plurality of 
sheaths extending outwardly from said first face 
surface, and each of said electrically conductive sock 
ets having a first portion completely encapsulated 
within the body and a respective one of the sheaths of 
said female member and a second portion extending 
outwardly from the second face surface of the body of 
said female member, said second portion of each of the 
sockets being connectable to an electrical wire conduc 
tor; and, 

a coupling member comprising a body portion formed of 
an electrically nonconductive material having a prede 
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termined hardness and having a first face surface abut 
able with the first face surface of said male member, a 
second face surface abutable with the first face surface 
of said female member, and a plurality of internally 
disposed passageways extending between said first and 
second face surfaces of the coupling member, said 
passageways being arranged in said predetermined 
pattern and having an internal wall shape adapted to 
receive and completely surround each of the sheaths of 
said male and said female members. 

2. An electrical connector, as set forth in claim 1, wherein 
at least one of said male body portion and said female body 
portion is formed of a material having a hardness greater 
than the predetermined hardness of said coupling member. 

3. An electrical connector, as set forth in claim 1, wherein 
at least one of said male body portion and said female body 
portion is formed of a material having a hardness less than 
the predetermined hardness of said coupling member. 

4. An electrical connector, as set forth in claim 1, wherein 
said male body portion, said female body portion, and said 
coupling member are all formed of a resiliently compress 
ible material having a hardness of from about 40 to about 70 
durometer as measured with reference to the Shore A scale. 

5. An electrical connector, as set forth in claim 1, wherein 
the body portions of said male and female members are 
formed of a material selected from the group consisting of 
urethane, polyphenyl sulfone, polyarylsulfone, polychlorot 
rifluoroethylene (PCTFE), phenylene ether/phenylene 
oxide, polyester, alkyd encapsulating putty, granular and 
glass reinforeced alkyds, fiber filled diallyl phthalates, high 
density polyethylene, rigid cast or molded epoxies, polyure 
thane rubber, standard electrical glass, low loss electrical 
borosilicate glass, and electrical ceramics. 

6. An electrical connector, as set forth in claim 1, wherein 
said coupling member includes an external casing disposed 
about the periphery of the body portion, said external casing 
being formed of a flexible nonconductive material having a 
hardness greater than that of the body portion and forming 
a unitary structure with said body portion. 

7. An electrical connector, comprising: a male member 
formed of an electrically nonconductive material and having 
a face surface and a plurality of sheaths extending outwardly 
from said face surface, and a plurality of electrically con 
ductive pins each having a portion encapsulated by a respec 
tive one of said sheaths: 

a female member formed of an electrically nonconductive 
material and having a face surface and a plurality of 
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sheaths extending outwardly from said face surface, 
and a plurality of electrically conductive sockets each 
of which are encapsulated by a respective one of said 
sheaths; 

a coupling member having a body portion formed of a 
resiliently compressible, electrically nonconductive 
material having a predetermined hardness, a pair of 
spaced apart end faces, and a plurality of internal 
passageways adapted to sealably receive the sheaths of 
said male and female members therein, said coupling 
member being interposed said male and female mem 
bers with each one of the end faces of said coupling 
member in abutting contact with a respective end face 
surface of the male and female member, said internal 
passageways of the coupling member being radially 
reduced in response to applying an essentially isostatic 
pressure on said external casing of the coupling mem 
ber. 

8. An electrical connector, as set forth in claim 7, wherein 
at least one of said male body portion and said female body 
portion is formed of a material having a hardness greater 
than the predetermined hardness of said coupling member. 

9. An electrical connector, as set forth in claim 7, wherein 
said male body portion, said female body portion, and said 
coupling member are all formed of a resiliently compress 
ible material having a hardness of from about 40 to about 70 
durometer as measured with reference to the Shore Ascale. 

10, An electrical connector, as set forth in claim 7, 
wherein the body portions of said male and female members 
are formed of a material selected from the group consisting 
of urethane, polyphenyl sulfone, polyaryl sulfone, polychlo 
rotrifluoroethylene (PCTFE), phenylene ether/phenylene 
oxide, polyester, alkyd encapsulating putty, granular and 
glass reinforeced alkyds, fiber filled diallyl phthalates, high 
density polyethylene, rigid cast or molded epoxies, polyure 
thane rubber, standard electrical glass, low loss electrical 
borosilicate glass, and electrical ceramics. 

11. A electrical connector, as set forth in claim 7, wherein 
said coupling member includes an external casing formed of 
a flexible nonconductive material having a hardness greater 
than that of the body portion, said casing being disposed 
about the periphery of the body portion and forming a 
unitary structure with said body portion. 
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